Background: Sodium zirconium cyclosilicate (SZC; formerly ZS-9) is a selective potassium (K + ) binder for treatment of hyperkalemia. An open-label extension (OLE) of the HARMONIZE study evaluated efficacy and safety of SZC for ≤11 months. Methods: Patients from HARMONIZE with point-of-care device i-STAT K + 3.5-6.2 mmol/L received once-daily SZC 5-10 g for ≤337 days. End points included achievement of mean serum K + ≤5.1 mmol/L (primary) or ≤5.5 mmol/L (secondary). Results: Of 123 patients who entered the extension (mean serum K + 4.8 mmol/L), 79 (64.2%) completed the study. The median daily dose of SZC was 10 g (range 2.5-15 g). The primary end point was achieved by 88.3% of patients, and 100% achieved the secondary end point. SZC was well tolerated with no new safety concerns.
Introduction
Hyperkalemia (serum potassium [K + ] > 5.0 or > 5.5 mmol/L) [1, 2] has an adverse prognosis, and severe hyperkalemia can be life threatening [3] . Oral K + binders, which lower serum K + by binding K + in the colon, reducing K + absorption and increasing K + fecal excretion [4] , are potential therapeutic options for long-term hyperkalemia management. Sodium zirconium cyclosilicate (SZC; formerly ZS-9) is a K + binder approved for the treatment of hyperkalemia in the United States and Europe [5] [6] [7] . In clinical trials, including HARMONIZE [8] , SZC reduced serum K + to within the normokalemic range within 48 h, which was maintained over 29 days in most patients [9] [10] [11] . The long-term efficacy and safety of SZC in patients with hyperkalemia (n = 746) have also been examined in a 12-month, open-label study [11] . Here, we evaluate the efficacy and safety of open-label SZC up to 11 months in the extension phase of HARMONIZE.
Materials and Methods

Study Design
Details of the HARMONIZE study (NCT02088073) have been reported previously [8] . Briefly, outpatients with hyperkalemia entered an open-label correction phase (HARMONIZE-CP), during which they received SZC 10 g 3 times daily (TID), and were subsequently randomized to placebo or SZC 5, 10, or 15 g once daily (QD) during a maintenance phase (HARMONIZE-MP). The current single-arm open-label extension (OLE; NCT021070920) was conducted at 30 sites across Australia, South Africa, and the United States (online suppl. Table S1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000504078). The study was completed in accordance with US Title 21 CFR, the ICH E6 (R1) Guidelines of Good Clinical Practice, and the Declaration of Helsinki.
Patients were eligible for the OLE if they (1) completed HARMONIZE-MP and had plasma K + 3.5-6.2 mmol/L by a pointof-care device (i-STAT, Abbott Point of Care) or (2) discontinued during HARMONIZE-MP because of hypo-or hyperkalemia and had mean i-STAT K + 3.5-6.2 mmol/L from 2 consecutive measurements at 0 and 60 min on day 1 of the OLE. All patients provided written consent. Full inclusion and exclusion criteria are shown in online supplementary Table S2 .
On day 1 of the OLE, patients with i-STAT K + > 5.5 mmol/L entered the extension correction phase (Extension-CP) where they received SZC 10 g TID for 24 (3 doses) or 48 h (6 doses), depending on their daily i-STAT K + . Patients with i-STAT K + 3.5-5.5 mmol/L immediately entered the extension maintenance phase (Extension-MP) and began SZC 10 g QD (online suppl. Fig. S1 ). No dietary restrictions were mandated. Concomitant medications, including renin-angiotensin-aldosterone system inhibitors (RAASis) and diuretics, were not restricted. Details of protocol-mandated reasons for discontinuation are in the online supplementary Methods.
Study Drug Administration
SZC was administered orally with meals (Extension-CP) or just before breakfast (Extension-MP) or at the clinic on scheduled clinic visit days (online suppl. Fig. S2A ). During the Extension-MP, SZC was initiated at 10 g QD and titrated in 5-g increments or decrements to maintain i-STAT K + 3.5-5.0 mmol/L (minimum 5 g every other day; maximum 15 g QD; online suppl. Fig. S2B ).
Laboratory Assessments
Fasting K + in whole blood was measured via 2 methods: (1) i-STAT was used to measure plasma K + to determine study eligibility, continuation from the Extension-CP to the Extension-MP, and SZC dose titrations and (2) central-laboratory serum K + was measured to assess efficacy. Measurement schedules are shown in online supplementary Figure S2A . Details of additional assessments are in the online supplementary Methods.
Study End Points
The primary and secondary efficacy end points were the proportion of patients achieving mean serum K + ≤5.1 and ≤5.5 mmol/L, respectively, during Extension-MP days 8-337. Additional efficacy end points included the proportions of patients with normokalemia (serum K + 3.5-5.0 mmol/L), hypokalemia (serum K + < 3.5 mmol/L), or hyperkalemia (> 5.0 mmol/L) at each scheduled visit. Details of other efficacy end points are in the online supplementary Methods. Safety end points included solicited adverse events (AEs; by Medical Dictionary for Regulatory Activities version 17.0 preferred terms and Standardised Medical Dictionary for Regulatory Activities Queries for hemodynamic edema, effusions, and fluid overload [SMQ edema; spontaneously reported by investigators]). Modifications in SZC dosing were recorded.
Statistical Considerations
Safety outcomes were evaluated in the OLE safety population (patients who received ≥1 SZC dose with any post-Extension-CP baseline safety data). Efficacy outcomes were evaluated in the intent-to-treat population (patients in the safety population with any post-Extension-MP serum K + measurements). Extension-CP outcomes were evaluated only if > 20 patients required treatment with Extension-CP dosing.
The primary end point was analyzed using logistic regression, including fixed effects of estimated glomerular filtration rate at HARMONIZE-CP baseline and serum K + level at both HARMONIZE-CP and at Extension-MP baselines and age category (< 55, 55-64, and ≥65 years), RAASi use, chronic kidney disease (CKD), heart failure, and diabetes status at HARMONIZE-CP baseline. Additionally, whether the observed proportion of patients achieving the primary and secondary end points was significantly higher than the expected proportion of 50 or 60%, respectively, was evaluated using an exact binomial test. A longitudinal mixed model was used to derive the back-transformed geometric least squares mean serum K + values through days 8-337. Descriptive statistics expressed the nominal and percent change in serum K + and serum aldosterone from HARMONIZE-CP and Extension-MP baselines, with significance of changes evaluated using paired t tests. Full details, including sample-size calculations, are in the online supplementary Methods.
Results
Study Population
Overall, 215 patients were eligible for the OLE, including 208 patients who completed HARMONIZE-MP and 7 of 20 patients who withdrew from HARMONIZE because of hypokalemia (n = 6) or hyperkalemia (n = 14). Of these 215 patients, 123 entered the OLE (online suppl. Fig. S3 for reasons for exclusion). Forty-eight patients had previously received placebo, 21 SZC 5 g QD, 21 SZC 10 g QD, and 33 SZC 15 g QD in HARMONIZE-MP. At HARMONIZE-MP end, 121 patients (98%) entered the Extension-MP on SZC 10 g QD, and 2 patients initially entered the Extension-CP on SZC 10 g TID. These 2 patients each achieved Am J Nephrol 2019;50:473-480 DOI: 10.1159/000504078 normokalemia within 1 day and subsequently entered the Extension-MP. Extension-CP data for these 2 patients were not summarized; however, these patients were included in Extension-MP analyses. Overall, 79 patients (64.2%) completed the 11-month OLE and 44 (35.8%) discontinued therapy before study completion (online suppl. Fig. S3 ). Most patients in the intent-to-treat population were male, white, had CKD and diabetes, and received concomitant RAASis (Table 1) ; 67 patients (55.4%) had serum K + ≥5.5 mmol/L at HARMONIZE-CP baseline.
Efficacy
Mean (SD) serum K + at Extension-MP baseline was 4.8 (0.5) mmol/L. Across days 8-337, the adjusted proportion of patients achieving mean serum K + ≤5.1 mmol/L (primary end point) was 92.8% (95% CI 84.7-96.8%); the unadjusted proportion was 88.3% (95% CI 81.2-93.5%; p < 0.001 vs. the expected 50%). Mean serum K + ≤5.1 mmol/L was achieved and maintained by 76.6-87.5% of patients across study visits ( Fig. 1a ). All patients achieved the secondary end point (mean serum K + ≤5.5 mmol/L) through days 8-337 (unadjusted proportion 100.0% [95% CI 97.0-100.0%]; p < 0.001 vs. the expected 60%). Across study visits, 91.4-98.5% of patients had serum K + ≤5.5 mmol/L ( Fig. 1b ). Across days 8-337, 79.2% (95% CI 70.8-86.0%) of patients achieved normokalemic serum K + levels.
The proportion of patients with any hypokalemia ranged from 0 to 1.9% across study visits; no hypokalemia-related echocardiogram abnormalities were reported. One patient had severe hypokalemia (K + < 3.0 mmol/L; actual serum K + value 2.8 mmol/L) and withdrew from the study after 8 days of SZC 10 g QD. Across days 8-337, 20.0% (95% CI 13.3-28.3%) of patients had mean serum K + in the hyperkalemic range, with 15.0-28.8% of patients having serum K + > 5.0 mmol/L at each study visit.
Mean serum K + was within the normokalemic range through days 8-337, ranging from 4.5 to 4.7 mmol/L (online suppl. Fig. S4 ), and serum K + values appeared normally distributed (online suppl. Fig. S5 ). Using a longitudinal mixed model, the least squares mean serum K + was 4.7 mmol/L (95% CI 4.6-4.7 mmol/L) through days 8-337. After SZC discontinuation, mean serum K + increased significantly from 4.6 mmol/L on day 337 to 5.0 mmol/L at study end (p < 0.001); serum K + levels were 5.0-5.5 mmol/L in 20.7% of patients and > 5.5 mmol/L in 17.4% at the end-of-study visit. Mean decreases in serum K + from HARMONIZE-CP baseline were observed at every time point during the OLE, ranging from -1.0 to -0.8 mmol/L (-17.8 to -14.4%; p ≤ 0.001 for all), while decreases in serum K + from Extension-MP baseline were generally small (≤0.2 mmol/L; ≤2.9%).
Serum aldosterone initially decreased from HARMONIZE-CP baseline to day 29 (mean change, -0.12 nmol/L; p < 0.001) and stabilized over time (online suppl. Fig. S6A ). Normal serum aldosterone (range 0.11-0.86 nmol/L) was observed in 43.2% of patients by day 29, 84.7% by day 141, and remained within this range across the remaining study visits (range 73.0-84.2%). Sustained increases in serum bicarbonate were observed during the Extension-MP (online suppl. Fig. S6B 
Dosing
During the OLE, most patients received SZC 10 g QD (online suppl. Fig. S7A ), and the median daily dose of SZC was 10.0 g (range 2.5-15.0 g). Mean (SD) treatment duration was 212.9 (129.1) days. The mean SZC dose was 10 g QD in 90 of 123 patients (73.2%), > 10 g in 16 (13.0%), and < 10 g in 17 (13.8%). Thirty-two patients (26.0%) had ≥1 dose modification, 29 (90.6%) required 1 dose modification, and 3 (9.4%) required 2 dose modifications (online suppl. Fig. S7B ).
Safety
Overall, AEs were reported by 82 patients (66.7%); 23 (18.7%) reported gastrointestinal disorders, the most common being constipation (5.7%) and nausea, vomiting, and diarrhea (3.3% for each). AEs reported in ≥5% of patients were hypertension (12.2%), urinary tract infection (8.9%), and peripheral edema (8.1%; online suppl. Table  S3 ). In 15 patients with hypertension, severity was either mild (n = 7; 46.7%) or moderate (n = 8; 53.3%); only 1 case was considered by the investigator to be related to SZC. No patients discontinued SZC because of hypertension.
Sixteen patients (13.0%) reported 17 SMQ edema events; 11 of whom had significant risk factors for fluid overload-related events, including history of heart failure, diastolic dysfunction, CKD, edema, lymphedema, or venous insufficiency. One SMQ edema event was classified DOI: 10.1159/000504078 as serious (pulmonary edema) and one was considered severe in intensity (peripheral edema), with both occurring in the context of comorbid congestive cardiac failure, hypertension and chronic renal failure. Three events (n = 1 each of mild peripheral edema, moderate pulmonary edema, and moderate peripheral edema) were considered possibly related to SZC; most (76.5%) were reported resolved or resolving, and 64.7% required treatment. No edema event led to discontinuation. Serious AEs (SAEs) developed in 24 patients (19.5%); the most common were chronic obstructive pulmonary disease, congestive cardiac failure, pneumonia, and urinary tract infection (n = 2 for each; online suppl. Table  S3 ). Six patients (4.9%) discontinued SZC because of SAEs, including cardiac failure, acute myocardial infarction, hyperkalemia, chronic obstructive pulmonary disease, localized infection, and diabetic foot infection. No SAEs were considered related to SZC.
AEs led to discontinuation in 11 patients (online suppl. Table S3 ); these were severe in 6 patients, moderate in 3, and mild in 2. Three patients discontinued because of nonserious AEs considered possibly related to SZC, including QT interval prolongation (n = 2; neither patient had hypokalemia) and drug hypersensitivity (n = 1). No 
Discussion
The HARMONIZE study demonstrated rapid attainment of normokalemia in most patients following SZC 10 g TID for 48 h, which was maintained for up to 29 days with SZC at 5-15 g QD [8] . In this long-term OLE of HAR-MONIZE, normokalemia was maintained for up to 11 months during ongoing SZC QD treatment in 79% of patients, and treatment was generally well tolerated. RAASi use either remained stable or increased for most patients (90.3%), and few patients (3.6%) discontinued RAASis.
Results from this OLE contribute to the growing body of evidence, involving 1,175 patients, for the clinical utility of the newer K + binders, such as SZC and patiromer, for the long-term management of hyperkalemia. In the 52-week open-label AMETHYST-DN study among pa- ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; Extension-MP, extension maintenance phase; HARMONIZE-CP, HARMONIZE correction phase; ITT, intent to treat; K + , potassium; max, maximum; min, minimum; MRA, mineralocorticoid receptor antagonist; RAASi, renin-angiotensin-aldosterone system inhibitor; SMQ, Standardised Medical Dictionary for Regulatory Activities Query; BP, blood pressure; CKD, chronic kidney disease; HF, heart failure. tients with hyperkalemia and diabetic kidney disease receiving RAASis and treated with patiromer (n = 306), mean serum K + (~4.6 mmol/L), and proportions maintaining normokalemia (~77 to 95%) at each study visit from 4 through 52 weeks [12] were similar to the findings with SZC in the current OLE (n = 123) and in another larger 12-month study (n = 746) [11] .
Changes in serum aldosterone in the current OLE were consistent with the expected response to a decrease in serum K + [1] . The initial decrease in serum aldosterone from 8 15 22 HARMONIZE-CP baseline to day 29 mirrored the reduction in serum K + during this period and led to more patients achieving normal aldosterone. Notably, serum aldosterone was subsequently maintained in the normal range with continued SZC treatment, which may have positively affected the observed decrease in end-of-study BP. Increases in serum bicarbonate previously observed in HARMO-NIZE [8] were also maintained throughout the OLE. Serum bicarbonate increases may be clinically relevant in patients with CKD because low serum bicarbonate may increase the risk of CKD progression and mortality [13] [14] [15] . SZC was generally well tolerated in this OLE, and no new safety concerns were identified. Although edema is an acknowledged potential adverse reaction to SZC [5, 6] and some sodium absorption occurs with SZC therapy, the open-label design of the extension and the fact that 11 of the 16 patients with edema had significant baseline risk factors for fluid overload-related events precludes firm conclusions on causality.
This study has several limitations, including its openlabel design and lack of control group and the exclusion of 92 patients from the OLE (77 of whom for study drug unavailability). In addition, follow-up after the last SZC dose was only 7 ± 1 days, at which time total body K + would likely not have returned to baseline. Last, although Black/African Americans experience a high burden of CKD, they were underrepresented in this study (9.1%) relative to the study center populations (~23%); however, a similar limitation extends to other trials of novel potassium binders (e.g., patients enrolled in AMETHYST-DN were exclusively white).
Conclusions
In this long-term OLE of HARMONIZE among patients with hyperkalemia, normokalemia was maintained during ongoing SZC QD treatment for up to 11 months. SZC was well tolerated, with no new safety signals, and RAASi use remained stable or increased in most patients.
